



-ERCURY  IS  A  HIGHLY  VOLATILE  AND  HIGHLY  TOXIC  HEAVY  METAL 
PRESENT  IN  THE  ENVIRONMENT  )NORGANIC MERCURY  IN  WATER  IS 
MAINLY SEEN IN THE  OXIDATION STATE -ERCURY IS RELEASED INTO 






THE  ENVIRONMENT  IT  CAN  UNDERGO  COMPLEX  PHYSICAL  AND 
CHEMICAL  TRANSFORMATIONS  2ELEASED  MERCURY  VAPOUR  GETS 
CONVERTED  INTO SOLUBLE  FORM AND GETS DEPOSITED  IN SOIL AND 
WATER  BY  RAIN  $UE  TO MICROBIAL  ACTION  INORGANIC  MERCURY 
GETS  CONVERTED  INTO  METHYL  MERCURY  AND  ENTERS  THE  FOOD 
CHAIN OF PREDATORY SPECIES ,OW DOSE MERCURY EXPOSURE CAN 
AFFECT VARIOUS ORGAN SYSTEMS OF ADULTS AND CHILDREN )N ADULTS 
IT  CAN  LEAD  TO  MEMORY  LOSS  !LZHEIMER´S  LIKE  DEMENTIA 
DECREASED RATE OF FERTILITY BIRTH OF ABNORMAL OFFSPRING ETC )N 
CHILDREN THE EFFECTS INCLUDE AUTISM LATE WALKING AND DE½CIT IN 
MEMORY  AND  LANGUAGE  ;=  )N  THE  WORLD  THE  ½RST  MERCURY 
POLLUTION REPORTED IN -INAMATA #ITY LOCATED ON THE 9ATSUSHIRO 
3EA COAST IN +UMAMOTO 0REFECTURE OF *APAN IN  WAS DUE 
TO  THE  POISONING  OF  THE  CENTRAL  NERVOUS  SYSTEM  CAUSED  BY 
METHYL MERCURY WHICH ACCUMULATED IN ½SH AND SHELL½SH AS A 
RESULT OF MERCURY RELEASED INTO -INAMATA "AY ; = $UE TO 
THE  SEVERE  EFFECTS  OF  MERCURY  ON  MANKIND  7ORLD  (EALTH 
/RGANIZATION 7(/	 HAS SET THE LIMIT FOR MERCURY IN DRINKING 
WATER  TO  BE   MG,  ;=  $UE  TO  ITS  DIVERSE  PROPERTIES 
MERCURY IS STILL USED IN DIFFERENT AREAS LIKE ELECTRICAL INDUSTRY 
DENTISTRY MINING CATALYSIS ETC ;= 3TUDIES SHOW THAT MERCURY 







TWENTY  TIMES  HIGHER  THAN  THE MAXIMUM  PERMISSIBLE  LIMIT 
4HESE  ALARMING  LEVELS  ARE  MAINLY  DUE  TO  THE  DISCHARGE  OF 




 $IFFERENT  TECHNOLOGIES  LIKE  ADSORPTION  ION  EXCHANGE 
AMALGAMATION  AND  CHEMICAL  PRECIPITATION  ARE  AVAILABLE  FOR 
THE  REMOVAL OF MERCURY  FROM CONTAMINATED WATER  ;= 
.ANOMATERIALS ARE HIGHLY PROMISING IN THE WATER PURI½CATION 
PROCESS  DUE  TO  THEIR  UNIQUE  PROPERTIES  LIKE  HIGHER  SURFACE 
AREA PER UNIT VOLUME EASE WITH WHICH THEY CAN BE ANCHORED 
ONTO  SOLID  MATRICES  AND  THE  ABILITY  TO  FUNCTIONALIZE  WITH 
DIFFERENT FUNCTIONAL GROUPS TO ENHANCE THEIR AF½NITY TOWARDS 



















































THE  REMOVAL  OF  MERCURY  FROM  AQUEOUS  SOLUTION  USING 
NANOPARTICLES  OF  ALUMINA  AND  THIOL  FUNCTIONALIZED 
SUPERPARAMAGNETIC  &E/  ;  =  !N  ALUMINA  RE½NERY 






.ANOMATERIALS  THE  PRODUCT  OF  CONTEMPORARY  SCIENCE  ARE 
WELLKNOWN  FOR  THEIR  LARGE  SURFACE  AREA  7E  APPLIED  THE 
AMALGAMATION  OF  THESE  TWO  FOR  THE  EFFECTIVE  REMOVAL  OF 
MERCURY  FROM  WATER  7E  HAVE  CONDUCTED  BATCH  AND 
COLUMN  EXPERIMENTS  FOR  ½NDING  THE  MERCURY  REMOVAL 
CAPACITY  OF  SUPPORTED  GOLD  NANOPARTICLES  7E  HAVE  DONE 
VARIOUS  SPECTROSCOPIC  AND  MICROSCOPIC  EXAMINATIONS  FOR 







.A"(	  WERE  PURCHASED  FROM  32,  )NDIA  AND  !LDRICH 
RESPECTIVELY ! STOCK SOLUTION OF  MG, (G))	 WAS PREPARED 
FROM  (G#L  'LAXO  ,ABORATORIES  ,IMITED	  AND  REQUIRED 
CONCENTRATIONS WERE MADE BY SERIAL DILUTION 2HODAMINE ' 
WAS PURCHASED  FROM &LUKA AND AZOMETHINE(MONOSODIUM 











TRANSMISSION  ELECTRON MICROSCOPY  (24%-	 WAS  CARRIED  OUT 
USING A *%/,   K6 INSTRUMENT WITH A 5(2 POLEPIECE 








WERE  SYNTHESIZED  BY  THE  REDUCTION  OF  (!U#L(/  WITH 




WAS  REPLACED  WITH  ANOTHER  FRESH    M,  SUSPENSION  4HIS 
PROCEDURE WAS REPEATED UNTIL THERE WAS NO COLOUR CHANGE FOR 













MERCURY WAS DETECTED  IN  THE  TREATED  SAMPLE ! CALIBRATION 
GRAPH  WAS  DRAWN  USING  KNOWN  CONCENTRATIONS  AND  THE 
ABSORBANCE AT  NM DUE TO THE COMPLEX FORMED BETWEEN 
TETRAIODOMERCURATE AND RHODAMINE '
 &OR  STUDYING  THE  INTERACTION  OF  SUPPORTED  GOLD 
NANOPARTICLES WITH (G	  MG, (G))	 WAS REDUCED WITH 
DILUTE AQUEOUS .A"(  TIMES THE MERCURY CONCENTRATION	 
AND  ALLOWED  TO  STAND  FOR    H  !FTERWARDS  THE  SOLUTION 




OF  (G  4HE  EXPERIMENT  WAS  CONTINUED  TILL  MERCURY  WAS 
DETECTED  IN  THE  SAMPLE  3AME  EXPERIMENT  WAS  REPEATED 
WITH    MG,  (G))	  ALSO  )N  ORDER  TO  ½ND  THE  INTERACTION 
OF  (G	  WITH  ALUMINA  THE  EXPERIMENT  WAS  REPEATED  WITH 
 G OF ALUMINA 
!  STUDY  WAS  DONE  WITH    MG,  MERCURY  FOR 
UNDERSTANDING  THE  INTERACTION  OF  LOW  CONCENTRATIONS  OF 
MERCURY  WITH  SUPPORTED  GOLD  NANOPARTICLES    G  OF  GOLD 
NANOPARTICLECOATED  ALUMINA WAS  TAKEN  IN  THE  COLUMN  AND 
MERCURY SOLUTION WAS PASSED AT A RATE OF  M,MINUTE  M, 













!  SOLUTION  PHASE  EXPERIMENT  WAS  DONE  WITH  THE  AS 
PREPARED GOLD NANOPARTICLES FOR UNDERSTANDING THE INTERACTION 
BETWEEN GOLD NANOPARTICLES AND MERCURY  M, OF  MG




4HE  CHANGE  IN  THE  MORPHOLOGY  OF  GOLD  NANOPARTICLE  WAS 
STUDIED  USING  3%-  ANALYSIS  OF  THE  MERCURYTREATED  GOLD 
NANOPARTICLE  SOLUTION  %$!8  SPECTRA  AND  IMAGES  WERE 
MEASURED  FOR  ½NDING  THE  ELEMENTAL  COMPOSITION  AND 
DISTRIBUTION  IN  THE  NANOPARTICLES  AFTER  MERCURY  ADDITION 









(G))	  REDUCED  WITH    TIMES  .A"(  0ERFORMANCE  OF 
MAGNESIUM  OXIDE  AS  A  BORON  ADSORBENT  WAS  TESTED  ;= 
 MG OF MAGNESIUM OXIDE WAS TRANSFERRED TO  M, OF THE 






APPARATUS  USED  FOR  MERCURY  REMOVAL  STUDIES  4HE  COLUMN 
USED WAS  CM IN DIAMETER AND  CM IN HEIGHT )NSET OF 
&IGURE  !  SHOWS  A  PHOTOGRAPH  OF  THE  ADSORBENT  GOLD 
NANOPARTICLESUPPORTED ALUMINA 4HE ADSORBENT WAS PACKED 
IN  THE  COLUMN  AND  THE  ¾OW  RATE  THROUGH  THE  COLUMN WAS 
CONTROLLED BY A PERISTALTIC PUMP &IGURE " SHOWS THE 56VIS 
ABSORPTION SPECTRA FOR THE ELUTION OF  MG, (G))	 PASSED 
THROUGH  THE  COLUMN  CONTAINING    G  OF  GOLD  NANOPARTICLE
COATED ALUMINA 4RACES ³AD´ ARE THE ABSORPTION SPECTRA AFTER 
¾OWING        AND    ,  RESPECTIVELY  4HE 
ABSORPTION SPECTRA FOR THESE SAMPLES ARE THE SAME AS THAT OF 
RHODAMINE  '  )T  IS  A  CLEAR  INDICATION  OF  THE  ABSENCE  OF 































































4O  IMPROVE  THE  MERCURY  UPTAKE  BY  SUPPORTED 
NANOPARTICLES WE STUDIED THE INTERACTION OF (G	 WITH GOLD 
NANOPARTICLES  AFTER  REDUCING  (G))	  WITH  .A"(  &IGURE  ! 
SHOWS THE 56VIS ABSORPTION SPECTRA FOR THE ELUTION OF  MG, 
(G	 THROUGH A COLUMN CONTAINING  G OF GOLD NANOPARTICLE
SUPPORTED  ALUMINA  AS  THE  ADSORBENT  4RACES  ³AF´  ARE  THE 
ABSORPTION SPECTRA FOR THE ½RST  , 4HERE IS NO ABSORBANCE AT 
 NM IN THESE SPECTRA INDICATING THE ABSENCE OF MERCURY 
IN  THE  TREATED  SAMPLES  4RACE  ³G´  AND  TRACE  ³H´  ARE  THE 
ABSORPTION SPECTRA FOR  AND  , RESPECTIVELY 4HE ABSORBANCE 
AT    NM  IN  THESE  SPECTRA  IS  DUE  TO  MERCURY  AND  THE 
CONCENTRATION  IS    AND    MG,  RESPECTIVELY  4HE 
LOADING  CAPACITY  OF  (G	  IS    GM  PER  GM  OF  GOLD 
NANOPARTICLE  4HE  LOADING  CAPACITY  OF  (G	  EXPRESSED  IN 
TERMS OF GOLD NANOPARTICLECOATED ALUMINA  IS  MGKG 
4HE  EXTREMELY  HIGH  UPTAKE  CAPACITY  ON  GOLD  NANOPARTICLE 
SURFACE MAY BE DUE TO THE GOLD MERCURY AMALGAM AND THE 
FORMATION OF AMORPHOUS MERCURY LAYER FORMATION OVER GOLD 


































































































































































4HE  INTERACTION  BETWEEN  (G	  AND  THE  PURE  SUBSTRATE 
ALUMINA	 WAS  ALSO  STUDIED  "Y  PASSING    ,  OF   MG, 
(G	 ALUMINA  G	 GOT EXHAUSTED
&IGURE    SHOWS  THE  ABSORPTION  SPECTRA  COLLECTED  AT 
DIFFERENT TIME INTERVALS IN A BATCH REACTION OF GOLD NANOPARTICLE
SUPPORTED  ALUMINA  WITH    MG,  (G	  4RACE  ³A´  IS  THE 
ABSORPTION SPECTRUM OF  THE SUPERNATANT COLLECTED AFTER  
MINUTES )T SHOWS INTENSE ABSORPTION AT  NM 4RACES ³BF´ 
ARE  THE ABSORPTION  SPECTRA  COLLECTED AT     AND  H 
RESPECTIVELY  )NSET  IN  THE ½GURE SHOWS A PLOT OF ABSORBANCE 
VERSUS TIME )T SHOWS A GRADUAL REDUCTION IN THE ABSORPTION AT 




















































!LTHOUGH  THE  PEAK  SHIFT  IS  SMALL  THE  PEAK  SHAPE  HAS  GOT 
MODI½ED  SIGNI½CANTLY  4HE  SHIFT  IN  THE  PEAK  POSITION  IS  AN 
INDICATION OF !U(G PARTICLES WITH DIFFERENT MORPHOLOGY ;= 




&IGURE  !  SHOWS  THE  LARGE  AREA  4%-  IMAGE  OF  THE  AS 
PREPARED GOLD NANOPARTICLES 4HE NANOPARTICLES ARE SPHERICAL 





TWINNING  IS EVIDENT &IGURE # SHOWS A  LARGE AREA  IMAGE OF 
MERCURY TREATED GOLD NANOPARTICLES 4HE NANOPARTICLES ARE OF 
VARYING  SIZES  AND  THERE  IS  A  LARGE  DISTRIBUTION  4HE  IMAGE 
SHOWS  SEVERAL  LARGER  PARTICLES  BEING  SURROUNDED  BY  SMALLER 
PARTICLES )T APPEARS THAT THE LARGER PARTICLES ARE UNDERGOING 
/STWALD RIPENING &IGURE $ SHOWS THE LATTICE RESOLVED IMAGE 
OF  AN  INDIVIDUAL  MERCURY  TREATED  GOLD  NANOPARTICLE  4HE 







TAKEN  FOR  UNDERSTANDING  THE  MORPHOLOGY  &IGURE  !  AND 
&IGURE " ARE THE LARGE AREA 3%- IMAGES OF MERCURY TREATED 
GOLD NANOPARTICLES 4HE IMAGE SHOWS THAT SOME PARTICLES ARE 
VERY  LARGE  IN  SIZE  AND  ARE  DISTRIBUTED  RANDOMLY  4HE 
MORPHOLOGY OF THE PARTICLES  IS DIFFERENT AND THEY POSSESS A 




ARE  EQUALLY  DISTRIBUTED  IN  THE  PARTICLES  4HE  UNIFORM 
DISTRIBUTION OF GOLD AND MERCURY MAY BE DUE TO THE AMALGAM 
FORMATION  4HIS  IS  SUPPORTED BY  THE 4%- MEASUREMENTS  AS 
WELL &IGURE % SHOWS THE %$!8 SPECTRUM OF THE PARTICLES IN 
&IGURE " )NSET GIVES THE COMPOSITION &ROM THE ½GURE IT  IS 
CLEAR  THAT  THE  NANOPARTICLES  FORMED  ARE  GOLDMERCURY 
BIMETALLIC  ALLOYS  AND  THEIR  DISTRIBUTION  IS  NEARLY  UNIFORM  3I 
AND 3N ARE DUE TO THE SUBSTRATE USED 
82$ ANALYSIS SHOWS THE EXISTENCE OF (G AND !U(G IN THE 
TREATED  SAMPLE  4HE  82$  PATTERN  OF  GOLD  NANOPARTICLES 
WHICH EXHIBITS ALL THE PEAKS EXPECTED FOR GOLD ;= AT  
      AND    IN  Q  4HE  PEAKS 




CORRESPOND TO  	  	  	  	  	  	  	 
	 AND 	 PLANES OF !U(G ;= 4HE PEAKS OBSERVED AT 
   AND  IN Q CORRESPOND TO THE 
	  	  	  AND  	  PLANES  OF  (GTETRAGONAL  ;= 
4HE INCONSISTENCY BETWEEN THE %$!8 AND 82$ DATA APPEAR TO 
BE BECAUSE 82$ SAMPLES A MUCH LARGER AREA 
&ROM  THE  82$  PATTERN  AND  (24%-  ANALYSES  OF  GOLD 




4HE  ADDITION  OF  SODIUM  BOROHYDRIDE  TO  MERCURY 










ARE BELOW  MG,  THE PERMISSIBLE  LIMIT  SET  BY 7(/  ;= 
&IGURE ! SHOWS THE ABSORPTION SPECTRA OF SAMPLES COLLECTED 
FROM COLUMN OUTLETS TESTED WITH  AND  MG, MERCURY 
4RACE  ³A´  AND  ³B´  ARE  FOR    MG,  AND    MG,  SAMPLES 







OF    MG,  4RACE  ³B´  IS  THE  ABSORPTION  SPECTRUM  OF  THE 
SUPERNATANT  COLLECTED  AFTER  ONE  HOUR  TREATMENT  WITH 
MAGNESIA )T SHOWS A DRASTIC FALL IN CONCENTRATION TO  MG, 
4RACES ³CG´ ARE COLLECTED AFTER EACH ONE HOUR AND THEY SHOW 
A  CONCENTRATION  BELOW    MG,  4RACES  ³H´  AND  ³I´  ARE 




)NORGANIC  MERCURY  CONTAMINATION  IN  WATER  IS  A  CRUCIAL 
PROBLEM THAT PEOPLE IN THE DEVELOPING COUNTRIES ARE FACING 
4HE  PROPOSED  METHOD  IS  VERY  EFFECTIVE  FOR  THE  COMPLETE 








AND  )NDIAN  STANDARDS  ;  =  7E  HAVE  ALSO  STUDIED  THE 
EFFECTIVENESS OF MAGNESIA AS AN ADSORBENT FOR BORON 7E SEE 
THAT    ,  OF   MG, MERCURY  CAN  BE  TREATED WITH    KG 
ADSORBENT AMOUNT OF GOLD REQUIRED IN IT IS ONLY  MG 4HE 
COST  OF  PRODUCTION  OF  THE  ADSORBENT  IS  LOW  AND  IT  CAN  BE 
APPLIED  ECONOMICALLY  FOR  THE  DEVELOPMENT  OF  WATER 
PURI½CATION SYSTEMS 4HE EXPECTED COST FOR REMOVAL OF  MG 
MERCURY  IS AROUND  CENTS  MAJOR COST COMPONENT  IS  THE 
COST OF GOLD SALT	 WHICH CAN BE SIGNI½CANTLY BROUGHT DOWN 
THROUGH  CAREFUL  GOLD  RECYCLING  4HE  ADSORBED  MERCURY  IS 
MAINLY IN THE FORM OF AMALGAM AND THUS IT IS STABLE 4HE GOLD 
USED  CAN BE  RECOVERED EF½CIENTLY  AND  THE MERCURY  CAN BE 
DISPOSED OFF WITHOUT RECONTAMINATION 
 #ONCLUSIONS
'OLD  NANOPARTICLE  SUPPORTED  ON  ALUMINA  IS  AN  EXCELLENT 
SYSTEM  FOR  THE  REMOVAL  OF  (G	  FROM  WATER  !DSORPTION 
CAPACITY  WAS  STUDIED  USING  A  COLUMN  EXPERIMENT  AND WAS 
MONITORED USING 56VIS  SPECTROSCOPY 4HE  TIME DEPENDENT 
REMOVAL WAS ALSO STUDIED 4%- AND 3%- ANALYSES WERE USED 






CHEMISTRY  OF  METALALLOYING  PRESENTS  A  NOVEL  APPROACH  FOR 
SEQUESTRATION  OF  HEAVY METALS 7HILE WE  HAVE  STUDIED  THE 
REMOVAL OF MERCURY  FROM DRINKING WATER  THIS  STUDY CAN BE 
EXTENDED  TO  THE EXTRACTION OF MERCURY  FROM OTHER  SOURCES 
SUCH AS INDUSTRIAL WASTE WATER 
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!	 56VIS ABSORPTION SPECTRA FOR THE DETECTION OF BORON IN TREATED WATER COLLECTED FROM COLUMNS TESTED WITH  AND  MG, MERCURY 
CONCENTRATIONS 4RACE ³A´ IS FOR  MG, AND TRACE ³B´ IS FOR  MG, RESPECTIVELY "	56VIS ABSORPTION SPECTRA OF THE SUPERNATANT COLLECTED FROM 
MAGNESIA AS AN ADSORBENT 4RACE ³A´ IS THE ABSORPTION SPECTRUM OF THE SAMPLE TAKEN FOR THE EXPERIMENT 4RACE ³B´ IS THE ABSORPTION SPECTRUM OF THE 
SUPERNATANT COLLECTED AFTER ONE HOUR TRACES ³CG´ ARE THE SPECTRA COLLECTED AT     AND  H RESPECTIVELY 4RACES ³H´ AND ³I´ ARE COLLECTED AFTER  
 AND  H RESPECTIVELY )NSET IS THE PLOT OF ABSORBANCE VERSUS TIME
&IGURE 
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